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MAGNETIC SENSOR

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application 1s a continuation application of

U.S. utility application Ser. No. 16/665,185 filed on Oct. 28,
2019 which 1s a conftinuation application of U.S. utility

application Ser. No. 15/825,289 filed on Nov. 29, 2017,
which 1s based on Japanese Patent Application No. 2017-
058523 filed on Mar. 24, 2017, the contents of which are

incorporated herein by reference.

TECHNICAL FIELD

The present mvention relates to a magnetic sensor.

BACKGROUND TECHNOLOGY

Conventionally, a magnetic sensor 1s widely used for
applications, such as detection of a rotational position of
vehicle steering or the like or detection of the linear dis-
placement of an object. The magnetic sensor 1s a sensor that
can detect the rotational position or linear displacement of
an object, by detecting the orientation and magnitude of a
magnetic field that 1s generated from a magnet placed 1n an
object to be detected. Recently, a magnetoresistive eflect
clement (MR element), which 1s a multilayer body having a
magnetization free layer and a magnetization pinned layer,
where the resistance of the MR element varies 1n accordance
with a change of the magnetization direction of the free layer
according to an external magnetic field, has been widely
used as a magnetic sensor. When the external magnetic field
acts on the MR element, the magnetization direction of the
magnetization free layer 1s changed, and the relative angle
with the magnetization direction 1n the magnetization pinned
layer 1s changed. The change of the magnetization direction
appears as a change in the magnetic resistance of the MR
clement, enabling the detection of the intensity of the
external magnetic field.

PRIOR ART
Patent Literature

[Patent Literature 1] Japanese Patent Application Laid-
Open 2013-210335

[Patent Literature 2] Japanese Translation of PCT Inter-
national Application Publication No. JP-1-2016-5335845

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

The predetermined range of a magnetic field intensity for
the external magnetic field to be detected 1s set 1n a mag-
netoresistive effect element (MR element) used for an appli-
cation to detect the rotational position or linear displacement
of an object or the like. When an external magnetic field with
the magnetic field intensity within the range 1s applied to the
MR element, the rotational position, the linear displacement
or the like of the object 1s detected based upon the output of
the MR element.

Meanwhile, another external magnetic field, such as the
leakage field from a motor or geomagnetism, may be applied
to an MR element other than the external magnetic field to
be generated from a magnet, due to its use environment or
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the effect of a usage or the like. Due to the eflfects of other
external magnetic fields, when an external magnetic field

with a magnetic field that exceeds the predetermined range
1s applied to the MR element, the error of position detection,
such as a rotational position or a linear displacement 1n an
object, becomes greater.

The present invention has been accomplished by taking
such actual circumstances as mentioned above into consid-
eration and has the objective of providing a magnetic sensor
that can prevent increasing an error in the position detection
ol an object even when an external magnetic field with a
magnetic field intensity that exceeds the predetermined
range 1s applied.

Means for Solving the Problem

To solve the above problem, the present mvention pro-
vides a magnetic sensor that 1s equipped with a magnetore-
sistive eflect element (MR element), which can detect an
external magnetic field, and a soft magnetic body shield,
wherein the soit magnetic body shield(s) are positioned
above and/or below the MR element(s) 1n a side view, and
the size of the MR element 1s physically included within a
perimeter of the soit magnetic body shield in a plan view
(Invention 1).

According to the invention (Invention 1), because the soft
magnetic body shield(s) has a perimeter which physically
includes the size of the MR element(s) 1n a plan view, 1s
positioned above and/or below the MR element 1 a side
view, even 1f an external magnetic field with a magnetic field
intensity that exceeds a predetermined range 1s applied, an
increase error in the position detection of an object can be
prevented.

In the invention (Invention 1) above, it 1s preferable that
shape of the soft magnetic body shield in a plan view 1s
nearly circular (Invention 2), and it 1s preferable that the
shape of the soft magnetic body shield 1n a plan view 1s an
N-sided polygon (N 1s 6 or greater even number) (Invention
3).

In the invention (Invention 1) above, 1t 1s preferable that
the soft magnetic body shield be columnar (Invention 4), and
that the soft magnetic body shield can be conical (Invention
5).

In the mvention (Invention 1) above, the soft magnetic
body shield can include a colummar portion, which 1s
equipped with a first surface and a second surface, where the
second surface faces the first surface, and a convexity, which
protrudes from the first surface side of the columnar portion
and can be positioned to allow the second surface to face the
MR element (Invention 6). The soit magnetic body shield
can include a columnar portion equipped with a first surface
and a second surface, where the second surface faces the first
surface, and a concave portion, which 1s formed on the first
surface side of the columnar portion and can be positioned
to allow the second surface to face the MR element (Inven-
tion 7).

In the mvention (Invention 1) above, the soft magnetic
body shield may have a through-hole that penetrates through
the soit magnetic body shield in the thickness direction
(Invention 8).

In the invention (Invention 1) above, it 1s preferable that
the diameter ¢_ of the solt magnetic body shield and the
diameter ¢, of the MR element tulfill a relationship 1n the
following formula (1) (Invention 9), and 1t 1s preferable that
the thickness h of the soit magnetic body shield and the
diameter @ of the MR element fulfill a relationship 1n the
following formula (2) (Invention 10):
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1.3 ¢, (1)

©s =

h>03 o, (2)

In the invention (Invention 1) above, it 1s preferable that
a harmonic component V,, ,, which 1s output in the case of
applying an external magnetic field with a magnetic field
intensity that exceeds 70 mT (Millitesla) to the MR element,
and a harmonic component V,, ., which 1s output 1n the case
of applying an external magnetic field with 70 m'T or less of
a magnetic ficld intensity to the MR element, are nearly the
same (Invention 11).

In the imnvention (Invention 1) above, the magnetic sensor
has a plurality of the MR elements, and 1t 1s preferable that
the soit magnetic body shields are placed 1n correspondence
with the MR elements, respectively (Invention 12), and in
this case, it 1s preferable that the diameter ¢_ of each of the
soit magnetic body shields be 2.00 to 2.75 times the diam-
eter ¢, of the corresponding MR element (Invention 13).

Fftect of the Invention

According to the present invention, even when an external
magnetic field with a magnetic field intensity that exceeds a
predetermined range 1s applied, 1t 1s possible to prevent an
increase of error in position detection of an object.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A 1s a schematic perspective view showing a
magnetic sensor relating to the first embodiment of the
present mvention.

FIG. 1B 1s a schematic side view showing the magnetic
sensor relating to the first embodiment of the present inven-
tion.

FIG. 1C 1s a schematic plan view showing the magnetic
sensor relating to the first embodiment of the present inven-
tion.

FIG. 2A 1s cross-sectional view showing a schematic
configuration of a magnetic sensor package including the
magnetic sensor relating to the first embodiment of the
present invention.

FIG. 2B 1s circuit diagram showing a schematic configu-
ration of a detection circuit using the magnetic sensor
relating to the first embodiment of the present invention.

FIG. 3A 1s a perspective view showing a schematic
configuration of a magnetoresistive eflect element (MR
clement) relating to the first embodiment of the present
invention.

FIG. 3B 1s a cross-sectional view showing a schematic
configuration of the MR element relating to the first embodi-
ment of the present mnvention.

FIG. 4 1s a characteristic chart showing characteristics
where the attenuation effect of a magnetic field intensity to
be applied to an MR element varies per diameter size of a
soit magnetic body shield.

FIG. 5A 1s a schematic side view showing the variation of
the magnetic sensor relating to the first embodiment of the
present mvention.

FIG. 3B 1s a schematic plan view showing another varia-
tion of the magnetic sensor relating to the first embodiment
of the present invention.

FIG. 5C 1s a schematic side view showing another varia-
tion of the magnetic sensor relating to the first embodiment
of the present invention.
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FIG. 6 1s a schematic plan view showing the magnetic
sensor where a plurality of MR elements, where a soit
magnetic body shield 1s arranged above, respectively, relat-
ing to the first embodiment of the present invention are
arranged 1n an array mannetr.

FIG. 7 1s a characteristic chart showing an attenuation of
ellect of the magnetic field intensity in the magnetic sensor
shown 1 FIG. 6.

FIG. 8A 1s an entire schematic perspective view showing,
a magnetic sensor relating to the second embodiment of the
present 1nvention.

FIG. 8B 1s a schematic side view showing the magnetic
sensor relating to the second embodiment of the present
ivention.

FIG. 9A 1s an entire schematic perspective view showing,
a magnetic sensor relating to the third embodiment of the
present 1nvention.

FIG. 9B 1s a schematic side view showing the magnetic
sensor relating to the third embodiment of the present
invention.

FIG. 10 1s an entire schematic cross-sectional view show-
ing a magnetic sensor relating to the fourth embodiment of
the present invention.

FIG. 11 A 1s an entire schematic perspective view showing,
a magnetic sensor relating to the fifth embodiment of the
present mvention.

FIG. 11B 1s a schematic side view showing the magnetic
sensor relating to the fifth embodiment of the present
invention.

FIG. 12A 1s an entire schematic perspective view showing
a magnetic sensor relating to the sixth embodiment of the
present 1nvention.

FIG. 12B 1s a schematic cross-sectional view showing the
magnetic sensor relating to the sixth embodiment of the
present 1nvention.

FIG. 13 1s a characteristic chart showing an attenuation
ellect of a magnetic field intensity to be applied to the MR
clement 1n the case of using a soit magnetic body shield of
Example 1.

FIG. 14 1s a characteristic chart showing an attenuation
cllect of a magnetic field intensity to be applied to the MR
clement 1n the case of using a soft magnetic body shield of
Example 2.

FIG. 15 1s a characteristic chart showing an attenuation
cllect of a magnetic field intensity to be applied to the MR
clement 1n the case of using a soit magnetic body shield of
Example 3.

FIG. 16 1s a characteristic chart showing an attenuation
ellect of a magnetic field intensity to be applied to the MR
clement 1n the case of using a soit magnetic body shield of
Example 4.

FIG. 17 1s a characteristic chart showing an attenuation
ellect of a magnetic field intensity to be applied to the MR
clement 1n the case of using a soit magnetic body shield of
Example 3.

FIG. 18 1s a characteristic chart showing an attenuation
ellect of a magnetic field intensity to be applied to the MR
clement 1n the case of using a soft magnetic body shield of
Example 6.

FIG. 19 1s a characteristic chart showing an attenuation
cllect of a magnetic field intensity to be applied to the MR
clement 1n the case of using a soit magnetic body shield of
Example 7.

FIG. 20 1s a characteristic chart showing an attenuation
ellect of a magnetic field intensity to be applied to the MR
clement 1n the case of using soft magnetic body shields of
Examples 8 and 9.
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FIG. 21 1s a characteristic chart showing an attenuation
ellect of a magnetic field intensity to be applied to the MR
clement 1n the case of using soft magnetic body shields of
Examples 10 and 11.

FIG. 22 1s a characteristic chart showing an attenuation
cllect of a magnetic field intensity to be applied to the MR
clement 1n the case of using soft magnetic body shields of
Examples 12 and 13.

FIG. 23 1s a characteristic chart showing an attenuation
cllect ol a magnetic field intensity to be applied to the MR
clement 1n the case of using a soit magnetic body shield of
Example 14.

FIG. 24 1s a characteristic chart showing an attenuation
cllect ol a magnetic field intensity to be applied to the MR
clement 1n the case of using a soit magnetic body shield of
Example 13.

FIG. 25 1s a characteristic chart showing an attenuation
cllect of a magnetic field intensity to be applied to the MR
clement 1n the case of using a soft magnetic body shield of
Example 16.

FIG. 26 1s a characteristic chart showing an attenuation
cllect ol a magnetic field intensity to be applied to the MR
clement 1n the case of using a soit magnetic body shield of
Example 17.

FIG. 27A 1s a schematic plan view of a nearly square
column-shaped soft magnetic body shield used 1n Compara-
tive Example 1.

FIG. 27B 1s a pattern chart showing an attenuation effect
of a magnetic field intensity to be applied to the MR element
in the case of using a soit magnetic body shield of Com-
parative Example 1.

FIG. 28A 15 a schematic plan view of a soit magnetic body
shield having a substantially rectangular shape 1n plan view
used 1n Comparative Example 2.

FIG. 28B 1s a pattern chart showing an attenuation effect
ol a magnetic field intensity to be applied to the MR element
in the case of using a soit magnetic body shield of Com-
parative Example 2.

FIG. 29 1s a characteristic chart showing an attenuation
cllect ol a magnetic field intensity to be applied to the MR
clement 1n the case of using a soit magnetic body shield of
Comparative Example 3.

MODE FOR CARRYING OUT THE INVENTION

Embodiments of the present invention are explained here-
alter with reference to the drawings. Furthermore, the draw-
ings are schematic or conceptual, and dimensions of each
member, the ratio of size between members and the like are
not always realistic, and even 1f the same members or the
like are indicated, mutual dimensions and ratio(s) may be
differently indicated 1n each drawing. Further, in the draw-
ings attached to the present specification, to facilitate under-
standing, shape, scale reduction, horizontal and vertical
dimensional ratios and the like of each part may be changed
or exaggerated from the actual ones.

First Embodiment

FIG. 1A 1s a schematic perspective view showing a
magnetic sensor 1 relating to a first embodiment of the
present invention; FIG. 1B 1s a schematic side view showing,
the magnetic sensor 1 relating to the first embodiment of the
present mnvention; and FIG. 1C 1s a schematic plan view
showing the magnetic sensor 1 relating to the first embodi-
ment of the present invention. The magnetic sensor 1 1s used
for detecting a rotation angle due to relative movement of a
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rotor or the like and a linear displacement or the like of an
object. For example, a magnet as a magnetic field generating
part 1s placed 1n a rotating body, which 1s an object for
detection of a rotation angle, and the magnetic field gener-
ating part generates the magnetic field to be detected. When
the magnetic sensor 1 which 1s imncorporated nto a rotation
angle sensor 1s used, the magnetic sensor 1 produces an
angle detection value having a correspondence relationship
with the angle between the direction of the magnetic field to
be detected at a reference position and the reference direc-
tion.

The magnetic sensor 1 relating to the first embodiment 1s
equipped with a magnetoresistive eflect element (MR ele-
ment) 11 and a soit magnetic body shield 12. As shown 1n
FIG. 1B, the magnetic sensor 1 relating to the first embodi-
ment 1s configured such that the soft magnetic body shield
12 1s positioned above the MR element 11 1n a side view, and
the size of the MR element 11 becomes any size physically
included within the perimeter of the soft magnetic body
shield 12 in a plan view. Herealter, each component in the
magnetic sensor 1 relating to the first embodiment will be
explained 1n detail.

FIG. 2A 1s cross-sectional view showing a schematic
configuration of a magnetic sensor package 10 including the
magnetic sensor relating 1 to the first embodiment; and FIG.
2B 1s circuit diagram showing a schematic configuration of
a detection circuit using the magnetic sensor relating to the
first embodiment. The magnetic sensor package 10 has a
base 4, a magnetic sensor part 2 placed on the base 4,
connection leads 6, wiring parts 5, such as a bonding wire,
which electrically connect the magnetic sensor part 2 with
the connection leads 6, and a sealing part 3 that integrally
seals them. The sealing part 3 1s composed by a resin
material, such as epoxy resin. The magnetic sensor part 2
includes the magnetic sensor 1.

The magnetic sensor part 2 has magnetic detection ele-
ment circuits 21 and 22 that output a detection signal in
association with a change of the external magnetic field, as
a magnetic field detection part, respectively. The magnetic
detection element circuit 21 outputs a detection signal V 5, -
having a corresponding relationship with the angle formed
between the direction of the magnetic field to be detected
and the first direction D1. The magnetic detection element
circuit 22 outputs a detection signal V . having a corre-
sponding relationship with the angle formed between the
direction of the magnetic field to be detected and the second
direction D2.

An operational amplifier 221 1s connected to the magnetic
detection element circuit 21, amplifies the detection signal
V o7 and outputs a sensor signal S1. An operational ampli-
fier 222 1s connected to the magnetic detection element
circuit 22, amplifies the detection signal V ., and outputs a
sensor signal S2. An operation part 23 calculates an angle
detection value having a corresponding relationship with an
angle 0 based upon the two signals S1 and S2. Furthermore,
the operating part 23 includes an angle detection value
calculation part, a correction processing part and a correc-
tion information retaining part, but a detailed explanation
about these will be omitted.

The magnetic detection element circuit 21 has a Wheat-
stone bridge circuit including at least one pair of magnetic
detection elements configured by two magnetic detection
elements connected in series. As shown in FIG. 2B, 1n the
present embodiment, the magnetic detection element circuit
21 has a Wheatstone bridge circuit C21, which includes a
first pair of magnetic detection elements 1 which a first
magnetic detection element MR1 and a second magnetic
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detection element MR2 are connected 1n series, and a second
pair of magnetic detection elements, 1n which a third mag-
netic detection element MR3 and a fourth magnetic detec-
tion element MR4 are connected 1n series.

As shown 1n FIG. 2B, the Wheatstone bridge circuit C21
includes the first pair of magnetic detection elements, the
second pair of magnetic detection elements, a power port
V21, where one terminal of the first magnetic detection
clement MR1 and one terminal of the third magnetic detec-
tion element MR3 are connected, a ground port G21, where
one terminal of the second magnetic detection element MR2
and one terminal of the fourth magnetic detection element
MR4 are connected, a first output port E211, and a second
output port E212. The first output port E211 1s connected
between (at a midpoint of) the first magnetic detection
clement MR1 and the second magnetic detection element
MR2 1n the first pair of magnetic detection elements, and the
second output port E212 1s connected between (at the
midpoint of) the third magnetic detection element MR3 and
the fourth magnetic detection element MR4 1n the second
pair of magnetic detection elements. The power port V21 1s
connected to a first power supply source Vs that 1s capable
of supplying an electric current to the magnetic detection
clement circuit 21, and the ground port G21 1s connected to
a ground (reference potential point) VG. Furthermore, the
first power supply source V_ may be a constant-voltage
power supply that 1s capable of supplying constant voltage
or may be a constant-current power supply that 1s capable of
supplying a constant current.

Similarly, the magnetic detection element circuit 22 also
has a Wheatstone bridge circuit including at least one pair of
magnetic detection elements configured by two magnetic
detection elements connected in series. As shown in FIG.
2B, 1n the present embodiment, the magnetic detection
element circuit 22 has the Wheatstone bridge circuit C21,
which includes the first pair of magnetic detection elements,
where the first magnetic detection element MR1 and the
second magnetic detection element MR2 are connected 1n
series, and the second pair of magnetic detection elements,
where the third magnetic detection element MR3 and the
fourth magnetic detection element MR4 are connected 1n
series. Since the specific configuration of the magnetic
detection element circuit 22 1s similar to that of the magnetic
detection element circuit 21, an explanation thereof 1s omit-
ted.

In the first embodiment, when an external magnetic field
with a magnetic field intensity that exceeds the predeter-
mined range 1s applied, wavetorms of the first signal S1 and
the second signal S2 that are output from the magnetic
detection element circuits 21 and 22, respectively, are dis-
torted, and an 1deal component, which 1s periodically
changed to draw an 1deal sine curve, and one or more error
components, which are equivalent to one or more harmonics
relative to the 1deal component, are included. Because the
signals S1 and S2 include one or more error components,
respectively, an angle detection value 0_ shall include an
error. In general, 1n the magnetic sensor, 1t has been known
that the angle error will change in accordance with the
intensity of the magnetic field to be detected, 1.¢., a magnetic
field intensity dependency of the angle error exists. A third
harmonic component V,, ,, relative to the ideal component
1s icluded in the signal S1 as the error component, and a
third harmonic component V,_ ., relative to the ideal com-
ponent 1s mcluded in the signal S2 as the error component.
The magnetic sensor 1 relating to the first embodiment 1s
configured such that the third harmonic component will
become roughly the same before and after the change of the

10

15

20

25

30

35

40

45

50

55

60

65

8

magnetic field intensity even 1f the magnetic field intensity
of the detected magnetic field 1s changed.

As the first to fourth magnetic detection elements MR1 to
MR4 1included in the Wheatstone bridge circuit C21, for
example, the MR element, such as an AMR element, a GMR
clement or a TMR element 1s exemplified, and the GMR
clement, the TMR element and the like with comparatively
great output voltage are particularly preferable.

FIG. 3A 1s a perspective view showing a schematic
configuration of the MR element 11 relating to the first
embodiment; and FIG. 3B 1s a cross-sectional view showing
a schematic configuration of the MR element relating to the
first embodiment. The GMR e¢lements and TMR elements as
the first to fourth magnetic detection elements MR1 to MR4,
as shown in FIG. 3A, have a plurality of lower-side lead
clectrodes 61, a plurality of MR multilayer bodies 50 and a
plurality of upper-side lead electrodes 62, respectively. The
lower-side lead electrodes 61 and the upper-side lead elec-
trode 62, for example, are composed by one type ol con-
ductive material among Cu, Al, Au, Ta, T1 and the like or a
composite membrane of two or more types ol conductive
materials, for example, and their thicknesses are around 0.3
um to 2.0 um, respectively.

The plurality of lower-side lead electrodes 61 are placed
on a substrate (not shown). The plurality of lower-side lead
clectrodes 61 have a long and narrow nearly-rectangular
shape, respectively, and are placed to have a predetermined
gap between the two adjacent lower-side lead electrodes 61
in an electric series direction of the plurality of MR multi-
layer bodies 50 (see FIG. 6) that are arranged in an array
manner. The MR multilayer bodies 50 are placed in the
vicinity of both ends in the longitudinal direction of the
lower-side lead electrode 61, respectively. In other words,
two MR multilayer bodies 50 are placed on each of the
plurality of lower-side lead electrodes 61, respectively.

The MR multilayer body 50 1n the present embodiment,
as shown in FIG. 3B, has a magneﬂzaﬂen pinned layer 53
where 1ts magnetization direction 1s pinned, a free layer 51
where 1ts magnetization direction 1s changed according to
the direction of the magnetic field to be applied, a nonmag-
netic layer 52 that 1s arranged between the magnetization
pinned layer 53 and the free layer 51, and an antiferromag-
netic layer 54.

The MR multilayer body 50 has a structure where the free
layer 51, the nonmagnetic layer 52, the magnetization
pinned layer 53 and the antiferromagnetic layer 34 are
laminated 1n respective order from the lower-side lead
clectrode 61 side. The free layer 31 is electrically connected
to the lower-side lead electrode 61, and the antiferromag-
netic layer 54 1s electrically connected to the upper-side lead
clectrode 62. As a material to compose the free layer 51 and
the magnetization pinned layer 53, for example, NiFe, CoFe,
CoFeB, CoFeNi, Co,MnSi1, Co,MnGe, FeOx (oxide of Fe)
and the like are exemplary. The thicknesses of the free layer
51 and the magnetization pinned layer 33 are around 1 nm
to 20 nm, respectively.

The nonmagnetic layer 52 1s a spacer layer, and 1s an
essential membrane for developing a tunnel magnetoresis-
tance eflect (TMR eflect) or a giant magnetoresistive effect
(GMR eflect) to the MR multilayer body 50. As a material
to compose the nonmagnetic layer 52, oxides, such as MgQO,
Mg—Al—O or A0, metallic matenals, such as Cu, Au,
Ag, Cr, Ag—7/n or Ni—Al, and the like are exemplary.
Furthermore, the thickness of the nonmagnetic layer 52 is
around 0.1 nm to 5 nm.

The antiferromagnetic layer 34 1s composed by an anti-
ferromagnetic material containing Mn and at least one type
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of element to be selected from a group of, for example, Pt,
Ru, Rh, Pd, N1, Cu, Jr, Cr and Fe. The content of Mn 1n this
antiferromagnetic matenal 1s, for example, around 335 to 95
atom %. The antiferromagnetic layer 54 composed by the
antiferromagnetic material fulfills the role of pinning the
magnetization direction of the magnetization pinned layer
53 by exchange coupling with the magnetization pinned
layer 53. Furthermore, without establishing the antiferro-
magnetic layer 54, the magnetization pinned layer 53 may
have a three-layer structure of a first magnetization pinned
layer, a nonmagnetic intermediate layer and a second mag-
netization pinned layer. The first magnetization pinned layer
and the second magnetization pinned layer can be antifer-
romagnetically coupled via the nonmagnetic intermediate
layer.

The plurality of upper-side lead electrodes 62 are placed
on the plurality of MR multilayer bodies 50. Each upper-side
lead electrode 62 has a long and narrow nearly-rectangular
shape. The upper-side lead electrodes 62 are arranged to
have a predetermined gap between two adjacent upper-side
lead electrodes 62 in the electric series direction of the
plurality of MR multilayer bodies 50 arranged 1n an array
manner, and, to connect the plurality of MR multilayer
bodies 50 in series, and electrically connect the antiferro-
magnetic layers 54 in the two adjacent MR multilayer bodies
50. Furthermore, the MR multilayer body 50 may have a
structure where the antiferromagnetic layer 54, the magne-
tization pinned layer 53, the nonmagnetic layer 52 and the
free layer 31 are laminated in respective order from the
lower-side lead electrode 61 side. Further, a cap layer
(protective layer) may be placed between the free layer 51
and the lower-side lead electrode 61 or the upper-side lead
clectrode 62. In the first embodiment, the soft magnetic body
shield 12 1s arranged above the upper-side lead electrode 62
where the MR multilayer body 30 1s positioned.

In the MR multilayer body 50, a resistance value varies
according to an angle between the magnetization direction
of the free layer 51 and that of the magnetization pinned
layer 33, and when this angle 1s 0° (these magnetization
directions are in parallel with each other), the resistance
value becomes minimum, and when this angle 1s 180° (the
magnetization directions are antiparallel to each other), the
resistance value becomes maximum.

As shown FIG. 1 and FIG. 1C, the MR element 11 has a
nearly circular cylindrical shape, but the shape of the MR
clement 11 1s not particularly limited and can be, for
example, a hexagonal-column shape or the like to be
described later. The size of the MR element 11 1s not
particularly limited, as well, but 1t can be appropriately set
according to the size of an object to be detected, a positional
relationship with an object to be detected or the like.
Furthermore, 1n the explanation below, the diameter of the
MR element 11 1s set at @, .

The soft magnetic body shield 12 includes a soft magnetic
material with small coercive force and high permeability and
prevents the application of an external magnetic field with a
magnetic field intensity that exceeds a predetermined range
to the MR 11, 1if this characteristic 1s utilized. As the soft
magnetic material, for example, a permalloy or the like that
consists primarily of iron oxide, and that 1s a compound of
territe, nickel and 1ron showing soit magnetic properties, are
exemplified.

As shown in FIG. 1A and FIG. 1C, the soft magnetic body
shield 12 has nearly a circular cylindrical shape, and has an
upper surface and a lower surface, the shapes of which in a
plan view are nearly the same size and are nearly circular.
The shape of the soit magnetic body shield 12 in the first
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embodiment 1n the plan view should be nearly circular and
1s not limited to a true circle, but 1t 1s preferable to form the

solt magnetic body shield 12 as a true circle to reduce
unevenness of the distribution of the magnetic field intensity
of the external magnetic field 1n the in-plane direction of the
MR element 11. Furthermore, “true circle” here means a
circle where ¢, becomes 0.977 to 0.987 when lengths
(diameters) of two straight lines that are mutually at right
angles are defined as ¢_ and ¢,, and @ _ 1s 1.

It 1s preferable that the diameter ¢ of the soft magnetic
body shield 12 1n the plan view be set to fulfill the following
formula (1) 1n the relationship with a diameter ¢, of the MR
clement 11:

s = 1.3 on (1)

Because the soift magnetic body shield 12, in which the
diameter ¢ 1s 1.3 times of the diameter ¢, , 1s arranged
above the MR element 11, the magnetic sensor 1, the size of
which 1s such that the size of the MR element 11 can be
physically included within the perimeter of the soit magnetic
body shield 12 1n a plan view, can be obtained. Furthermore,
as shown in FIG. 1A and

FIG. 1B, the central axis of the soft magnetic body shield
12 and that of the MR element 11 are adjusted to be the
same, and the soft magnetic body shield 12 1s arranged
above the MR element 11. Furthermore, as long as the size
of the MR element 11 1s such that the MR element 1is
physically included within the perimeter of the soft magnetic
body shield 12, the soit magnetic body shield 12 should be
arranged above the MR element 11, and for example, even
when the central axes of both are deviated to a certain extent,
these should be arranged to prevent the MR element 11 from
straying from within the perimeter of the soft magnetic body
shield 12 1n a top view.

FIG. 4 1s a characteristic chart, in the external magnetic
field with 200 mT (Millitesla) of the magnetic field intensity,
showing characteristics where the attenuation eflfect of the
magnetic field intensity of an external magnetic field to be
applied to the MR element 11 varies per diameter size of a
solt magnetic body shield. In FIG. 4, the vertical axis
indicates the magnetic field intensity and the horizontal axis
indicates the position of the MR element 11, and the
attenuation eflects of the magnetic field intensities of the
external magnetic field are indicated with curves protruding
downward i1n the chart. The shaded portion 1n the chart
indicates a position domain of the MR element 11. As
described later, 1t 1s preferable that the magnetic field
intensity of the external magnetic field to be applied to the
MR element 11 be 20 to 80 mT. Consequently, as the
attenuation effect of the magnetic field intensity by the soft
magnetic body shield 12, it 1s preferable that the external
magnetic field with 200 mT of the magnetic field intensity
be attenuated to the range of 20 to 80 mT as mentioned
above.

Here, a curve indicating a change of the magnetic field
intensity of the external magnetic field in the case of using
the soft magnetic body shield 12 having a diameter ¢,
which 1s 0.6 times of the diameter ¢ of the MR element 11,
1s indicated with a thin line; a curve indicating a change of
the magnetic field intensity of the external magnetic field in
the case of using the soft magnetic body shield 12 having a
diameter @ _,, which 1s same as the diameter ¢, of the MR
clement 11, 1s indicated with a thick line; a curve indicating
a change of the magnetic field mtensity of the external




US 11,650,270 B2

11

magnetic field 1n the case of using the soft magnetic body
shield 12 having a diameter ¢_,, which 1s 1.3 times of the

diameter @, of the MR element 11, 1s indicated with a
two-dot chain line; a curve indicating a change of the
magnetic field intensity of the external magnetic field 1n the
case of using the soft magnetic body shield 12 having a
diameter ¢_,, which 1s 1.6 times of the diameter ¢ of the
MR element 11, 1s indicated with a long dashed line; a curve
indicating a change of the magnetic field intensity of the
external magnetic field in the case of using the soft magnetic
body shield 12 having a diameter @_-, which 1s 2.0 times of
the diameter ¢, of the MR element 11, 1s indicated with a
dashed-dotted line; a curve indicating a change of the
magnetic field intensity of the external magnetic field 1n the
case of using the soft magnetic body shield 12 having a
diameter @, which 1s 2.3 times of the diameter ¢, of the
MR element 11, 1s indicated with a broken line; and a curve
indicating a change of the magnetic field intensity of the
external magnetic field 1n the case of using the soft magnetic
body shield 12 having a diameter ¢, which 1s 2.6 times the
diameter ¢¢p_ of the MR element 11, 1s indicated with a solid
line.

As 1s clear from FIG. 4, 1t 1s preferable to use the soft
magnetic body shield 12 with the diameter ¢ . to the
diameter ¢ where the magnetic field intensity of the
external magnetic field 1s attenuated to the range of 20 to 80
mT as mentioned above. In other words, the diameter ¢ of
the soit magnetic body shield 12 1s preferably 1.3 times or
greater than the diameter @, of the MR element 11, and more
preferably 2.0 times or greater, and 1s further preferably 2.0
to 2.75 times greater. It the diameter ¢_ of the soft magnetic
body shield 12 1s less than 1.3 times of the ¢, of the MR
clement 11, the flatness of the distribution of the magnetic
field intensities of the external magnetic field 1n the in-plane
direction of the MR element 11 1s deteriorated, and it may
become difficult to reduce error that 1s included in the
detection angle by the magnetic sensor 1.

It the diameter ¢_ of the soft magnetic body shield 12
exceeds 2.75 times the diameter ¢, of the MR element 11,
when the plurality of the MR elements 11 are arranged 1n an
array manner to be described later and the soft magnetic
body shields 12 are arranged above the MR elements 11,
respectwelyj the shield effect by the soft magnetic body
shields 12 1s liable to be reduced.

It 1s preferable to set thickness h of the soft magnetic body
shield 12 to a magnitude that satisfies the following formula
in the relationship with the diameter ¢, of the MR element

11:

h>03 o, (2)

If the thickness h of the soft magnetic body shield 12 1s
adjusted to exceed 0.3 times of the diameter ¢, of the MR
clement 11, the attenuation eflect of the magnetic field
intensity of the external magnetic field can be further
enhanced. Furthermore, the thickness h of the soft magnetic
body shield 12 is not particularly limited, but even 11 this 1s
increased, 1t 1s inferred that the excess thickness will not
impair the performance of the magnetic sensor 1.

As shown 1 FIG. 1A to FIG. 1C, 1n the magnetic sensor
1 of the first embodiment, the soft magnetic body shield 12
1s arranged above the MR element 11. In this case, the closer
a distance d between the soft magnetic body shield 11 and
the MR element 11 becomes, the higher the attenuation
cllect of the magnetic field intensity of the external magnetic
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field becomes, and the greater the distance d between the
solt magnetic body shield 11 and the MR element 11
becomes, the lower the attenuation eflect of the magnetic
field intensity of the external magnetic field becomes. Con-
sequently, the distance d between the soft magnetic body
shield 12 and the MR element 11 can be appropriately set,
for example, within 0.1 um to 1 um.

In the magnetic sensor 1 relating to the first embodiment,
the soit magnetic body shield 12 having the distance and the
thickness as mentioned above 1s arranged above the MR
element 11. Consequently, the harmonic component V., ,
which 1s included 1n the output signal from the MR element
11 1n the case of applying the external magnetic field with
the magnetic field intensity that exceeds 80 mT to the MR
clement 11, 1s nearly the same as the harmonic component
V;,.» which 1s 1included in the output signal 1n the case of
applying the external magnetic field with the magnetic field
intensity that 1s 80 mT or less to the MR element 11.
Consequently, even 1f the external magnetic field with a
magnetic field mtensity that exceeds the detection range 1s
applied to the MR element 11, the MR element 11 can output
a desired detection signal, making it possible to prevent the
positional detection error of an object from increasing.

Furthermore, the upper limit of the detection range of the
magnetic field intensity 1s set at 80 mT, because the MR
clement 11 in the first embodiment 1s explained as a TMR
clement. In other words, 80 mT 1s a common upper limait
value for the detection range 1n the case of using a TMR
clement as the MR element 11. Instead, a common upper
limit value for the detection range 1n the case of using a
GMR element as the MR element 11 1s set at 70 mT. In this
case, the magnetic sensor 1 1s configured so that the har-
monic component V., , which i1s included in the output
signal 1n the case of applying the external magnetic field
with the magnetic field intensity that exceeds 70 mT to the
MR element 11, become nearly the same as the harmonic
component V,, ., which 1s included in the output signal in the

case of applying the external magnetic field with the mag-
netic field intensity that 1s 70 mT or less to the MR element
11.

FIG. 5A 1s a schematic side view showing the vanation of
the magnetic sensor 1 relating to the first embodiment, and
FIG. 5B 1s a schematic plan view of the magnetic sensor 1
relating to the variation. In the magnetic sensor 1 shown in
FIG. 5A and FIG. 5B, the soft magnetic body shield 12 1s
arranged below the MR element 11. In this point, the
magnetic sensor 1 shown in FIG. 5A and FIG. 3B 1s diflerent
from the magnetic sensor 1 shown 1n FIG. 1A to FIG. 1C.
Even 1n the magnetic sensor 1 shown 1n FIG. 5A and FIG.
5B, the size of the MR element 11 1s a size that 1s physically
included within the perimeter of the soft magnetic body
shield 12, 1n a plan view.

FIG. 5C 1s a schematic side view showing a magnetic
sensor 1 having a different configuration from the magnetic
sensor 1 shown 1n FIG. 1A to FIG. 1C and FIG. 5A to FIG.
5B, as a variation of the magnetic sensor relating to the first
embodiment. In the magnetic sensor 1 shown 1 FIG. 5C,
solt magnetic body shields 12T and 12B are arranged above
and below the MR element 11, respectively. In this point, the
magnetic sensor 1 shown in FIG. 5C 1s different from the
magnetic sensor 1 shown 1n FIG. 1A to FIG. 1C and the
magnetic sensor 1 shown in FIG. 5A to FIG. 5B. Even in the
magnetic sensor 1 shown i FIG. 5C, the size of the MR
clement 11 1s a size that 1s physically included within the
perlmeter of the soit magnetic body shields 12T and 12B 1n
a plan view.
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In other words, even 1n the variations shown 1n FIG. SA
to FI1G. 5C, because the magnetic sensor 1 1s configured such
that the size of the MR element 11 1s adjusted to a size that
1s physically included within the perimeter of the soft
magnetic body shield 12 1n a plan view, even 11 the external
magnetic field with the magnetic field imntensity that exceeds
the detection range i1s applied to the MR element 11, 1t
becomes possible to prevent an increase of an error in

position detection an object as 1s similar to the magnetic
sensor 1 shown in FIG. 1A to FIG. 1C.

FIG. 6 1s a schematic plan view showing the magnetic
sensor 1 where a plurality of MR elements 11, where the soft
magnetic body shields are arranged above, respectively, are
arranged 1n an array manner. In FIG. 6, the magnetic sensor
1 where the MR elements 11 indicated by a broken line are
arranged 1n 7 linesx”7 rows, and where the solt magnetic
body shields 12 are arranged in 7 linesx7 rows above (at a
viewer side in the drawing) by corresponding to the MR
clements 11, respectively, 1s shown, but the configuration of
the magnetic sensor 1 1s not limited to the one mentioned
above but a configuration where size, shape and the like of
an object to be detected are considered can be appropnately
set. Further, 1n FIG. 6, a gap between mutually-adjacent soft
magnetic body shields 12 (MR elements 11) 1s indicated by
the symbol D. Furthermore, to confirm the attenuation effect
of the magnetic field intensity, as indicated by the broken
line Bx in FIG. 6, the magnetic field intensity of the external
magnetic field 1s set at 200 mT and the magnetic field
intensity 1s measured along the seven MR elements 11
aligned in the X-axis direction; and as indicated with a
broken line By 1n FIG. 6, the magnetic field intensity 1s
measured along the seven MR elements 11 aligned in the
Y-axis direction.

FI1G. 7 1s a characteristic chart showing one example of an
attenuation eflect of the magnetic ficld intensity in the
magnetic sensor 1 shown in FIG. 6, and the attenuation
cllect of the magnetic field intensity in the three MR
clements 11 surrounded with a broken line S 1 FIG. 6 1s
indicated with a curve MF,,. In FIG. 7, shield regions SR of
the soft magnetic body shields 12 are indicated with shaded
lines. The attenuation eflect of the magnetic field intensity
here 1s confirmed by drawing measurements of the magnetic
field intensities 1n the X-axis direction for seven MR ele-
ments 11 aligned 1n a single horizontal row including three
MR elements 11 onto a graph where the horizontal axis
indicates positions of the MR elements 11 and the vertical
axis indicates the magnetic field itensities. As shown 1n
FIG. 7, 1t 1s preferable that the magnetic field intensities at
positions P1, P2 and P3 of the three MR elements 11 are
attenuated to 20 to 80 mT of the detection range, as the
attenuation effect (external magnetic field intensity: 200 mT)
of the magnetic field intensities in the case of setting the
diameter ¢_ of the soft magnetic body shield 12 to twice the
diameter ¢, of the MR elements 11. Further, as shown 1n
FIG. 7, 1t 1s preferable that the distribution of the magnetic
field intensities 1s substantially flat at element portions (P1,

P2 and P3) covered with the shield regions SR.

Second Embodiment

FIG. 8A 1s an entire schematic perspective view showing
the magnetic sensor 1 relating to the second embodiment of
the present invention, and FIG. 8B 1s a schematic side view
showing the magnetic sensor 1 relating to the second
embodiment of the present invention. Furthermore, the
configuration that 1s nearly similar to that of the magnetic
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sensor 1 1in the first embodiment 1s marked with the same
symbols and 1ts detailed explanation 1s omitted.

As shown 1n FIG. 8A and FIG. 8B, the soit magnetic body
shield 12 configuring the magnetic sensor 1 relating to the
second embodiment has a hexagonal-column shape. Fur-
thermore, the shape of the soit magnetic body shield 12
configuring the magnetic sensor 1 1s not limited to the
hexagonal-column shape, but any shape 1s acceptable as
long as the shape 1s a polygonal column with N sides (N 1s
6 or greater even number) of its plan view shape, such as an
octagonal pillar, a dodecagonal pillar or a hexadecagonal
pillar. Further, 1t 1s preferable that the shape of the soft
magnetic body shield 12 configuring the magnetic sensor 1
be a polygonal column with N sides with M-fold symmetri-
cal shape (M 1s four or greater even number) that overlaps
with 1tself when this 1s rotated by a predetermined angle
around the central axis 1n the plan view. It the soft magnetic
body shield 12 1s a polygonal column with N sides (N 15 6
or greater even number) 1including a hexagonal shape 1n the
plan view, and 1s preferably columnar with a polygon with
N sides with an M-fold symmetrical shape (M 1s four or
greater even number) 1n the plan view, 1t becomes possible
to reduce the unevenness in the distribution of the magnetic
field intensities of the external magnetic field in the in-plane
direction of the MR element 11.

Because the soit magnetic body shield 12 1n the second
embodiment 1s arranged above or below the MR element 11
as 1S similar to the first embodiment, even if the external
magnetic field with the magnetic field imntensity that exceeds
the detection range (for example, 80 mT or greater) i1s
applied to the MR element 11, the harmonic component
V;,.» which 1s included in the output signal from the MR
clement 11, becomes nearly the same as the harmonic
component V,, ., which 1s included 1n the output signal when
the external magnetic field with 80 mT or less of the
magnetic field intensity 1s applied to the MR element 11.
Consequently, the MR element 11 can output a desired
detection signal, and 1t becomes possible to prevent the
positional detection error of an object from 1ncreasing.

Third Embodiment

FIG. 9A 1s an entire schematic perspective view showing,
the magnetic sensor 1 relating to the third embodiment of the
present mvention, and FIG. 9B 1s a schematic side view
showing the magnetic sensor 1 relating to the third embodi-
ment of the present invention. Furthermore, the configura-
tion that 1s nearly similar to that of the magnetic sensor 1 in
the first embodiment 1s marked with the same symbols and
its detailed explanation i1s omitted.

As shown 1 FIG. 9A and FI1G. 9B, the soit magnetic body
shield 12 configuring the magnetic sensor 1 relating to the
third embodiment has shape 1n which a conical portion 12p
1s positioned on a columnar portion 12¢ that 1s circular 1n a
plan view. The shape of the soft magnetic body shield 12 1s
not limited to the shape above, but can be a shape having a
convexity where at least a portion of the upper surface of the
columnar portion 12¢ protrudes. As the shape of the soft
magnetic body shield 12, for example, a shape can be
appropriately set in which a small columnar portion (con-
vexity), which has a smaller diameter and thickness than
those of the columnar portion 12¢, 1s positioned on the
columnar portion 12¢. Furthermore, the shape of the soft
magnetic body shield 12, 1s not limited to the columnar
portion 12¢ above, but a pillar portion, for example, 1n a
polygon with N sides (N 1s 6 or greater even number), such
as a hexagonal prism, and preferably a polygon with N sides
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with an M-fold symmetrical shape (M 1s four or greater even
number) and the like can be appropniately set. Further, the

shape of the soft magnetic body shield 12 1s not limited to
the conical portion 12p, but a convexity, for example, an
N-sided pyramid (N 1s 6 or greater even number), such as a
hexagonal pyramid, preferably an N-sided pyramid with an
M-fold symmetrical shape (M 1s four or greater even num-
ber) in the plan view and the like can be appropnately set.
In the magnetic sensor 1 relating to the third embodiment,
from a viewpoint to enjoy the attenuation eflect of the
magnetic field intensity of the external magnetic field as 1s
similar to the first embodiment, both the MR element 11 and
the soit magnetic body shield 12 can be arranged to face the
upper surface of the MR element 11 and the nearly-flat lower
surface (the conical portion 12p, a surface at the side facing
the small columnar portion (convexity)) of the soit magnetic
body shield 12.

Because the soit magnetic body shield 12 relating to the
third embodiment 1s arranged above the MR element 11,
even though the external magnetic field with the magnetic
field intensity that exceeds a detection range (for example,
exceeding 80 mT) 1s applied to the MR element 11, the
harmonic component V5, ., which 1s included in the output
signal from the MR element 11, becomes nearly the same as
the harmonic component V,,, which 1s included in the
output signal 1n the case of applying the external magnetic
field with 80 mT or less of the magnetic field intensity to the
MR element 11. Consequently, the MR e¢lement 11 can
output a desired detection signal, making 1t possible to
prevent an increase of an error in position detection of an
object.

Fourth Embodiment

FIG. 10 1s an entire schematic cross-sectional view show-
ing the magnetic sensor 1 relating to the fourth embodiment
of the present invention. Furthermore, the configuration that
1s nearly similar to that of the magnetic sensor 1 1n the first
embodiment 1s marked with the same symbols and 1its
detailed explanation 1s omitted.

As shown 1n FIG. 10, a mortar-shaped portion 127 where
its upper surface 1s indented toward the lower surface side to
be mortar-shaped 1s formed 1n the soit magnetic body shield
12 configuring the magnetic sensor 1 relating to the fourth
embodiment. Furthermore, the form where the upper surface
of the soft magnetic body shield 12 i1s indented toward the
lower surface side 1s not limited to being mortar-shaped, but
another form where at least a portion of the upper surface of
the soft magnetic body shield 12 1s indented toward the
lower surface (concave portion) 1s also acceptable. The form
of the soft magnetic body shield 12 can be appropriately set
as, for example, a form 1 which a portion of the upper
surface of the soit magnetic body shield 12 1s indented
toward the lower portion side by a nearly-cylindrical spatial
portion with a smaller diameter than the diameter ¢_ of the
solt magnetic body shield 12 and with a thickness that 1s
thinner than that of the soft magnetic body shield 12.

From a similar viewpoint to that of the third embodiment,
the MR element 11 and the soit magnetic body shield 12 can
be arranged to face the upper surface of the MR element 11
and the nearly-tflat lower surface (mortar-shaped portion
127, a plane at the side of facing the concave portion) of the
soit magnetic body shield 12. Because the soft magnetic
body shield 12 relating to the fourth embodiment 1s arranged
above the MR element 11, even if the external magnetic field
with the magnetic field intensity that exceeds the detection
range (for example, exceeding 80 mT) 1s applied to the MR
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clement 11, the harmonic component V,, , which 1s included
in the output signal from the MR element 11, becomes
nearly the same as the harmonic component V,, ,, which 1s
included in the output signal 1n the case of applying the
external magnetic field with 80 mT or less of the magnetic
field intensity to the MR element 11. Consequently, the MR
clement 11 can output the desired detection signal, and 1t
becomes possible to prevent an increase of an error in
position detection of an object.

Fitth Embodiment

FIG. 11 A 1s an entire schematic perspective view showing
the magnetic sensor 1 relating to the fifth embodiment of the
present invention; and FIG. 11B 1s a schematic side view
showing the magnetic sensor 1 relating to the fifth embodi-
ment of the present invention. Furthermore, the configura-
tion that 1s nearly similar to that of the magnetic sensor 1 in
the first embodiment 1s marked with the same symbols and
its detailed explanation i1s omitted.

As shown 1n FIG. 11A and FIG. 11B, the soit magnetic
body shield 12 configuring the magnetic sensor 1 relating to
the fifth embodiment has a nearly conical shape. Further-
more, the shape of the soit magnetic body shield 12 1s not
limited to the nearly-conical shape, but 1t should be an
N-sided pyramid (N 1s 6 or greater even number), such as a
hexagonal pyramid, an eight-sided pyramid, a twelve-sided
pyramid or a sixteen-sided pyramid, and should preferably
be an N-sided pyramid with M-fold symmetrical shape (M
1s four or greater even number). Here, as an example of the
N-sided pyramid, the shape where N 1s 6 or greater of even
number 1s according to the similar reason to the case of the
hexagonal-column shape of soft magnetic body shield 12 in
the second embodiment.

In the fifth embodiment, because the soft magnetic body
shuield 12 1s nearly conical, a shieldable region (a region
where a magnetic shield effect proves eflective 1n a plan
view) 1s narrower than an area of the soft magnetic body
shield 12 1n the plan view, one with a relatively larger size
compared to, for example, the nearly columnar soft mag-
netic body shield 12 in the first embodiment can be set to
secure the suflicient shieldable region. For example, as
shown 1n FIG. 11B, as the size of the soft magnetic body
shield 12 relating to the fifth embodiment, it 1s preferable
that the thickness from the bottom surface be 2 ¢m or greater
and the diameter @sb of the bottom surface be 2 ¢m or
greater. Further, even 1n the soit magnetic body shield 12
relating to the fifth embodiment, the MR element 11 and the
soit magnetic body shield 12 can be arranged to face the
upper surface of the MR element and the lower surface of
the soit magnetic body shield 12 from the similar viewpoint
of the third embodiment and fourth embodiment.

Because the soft magnetic body shield 12 relating to the
fifth embodiment 1s arranged above the MR element 11,
even 1f the external magnetic field with the magnetic field
intensity that exceeds the detection range (for example,
exceeding 80 mT) 1s applied to the MR element 11, the
harmonic component V,, , which 1s included 1n the output
signal from the MR element 11, becomes nearly the same as
the harmonic component V,, , which 1s included in the
output signal when the external magnetic field with 80 mT
or less of the magnetic field intensity 1s applied to the MR
clement 11. Consequently, the MR element 11 can output the
desired detection signal, making 1t possible to prevent an

increase of an error in position detection of an object.

Sixth Embodiment

FIG. 12A 1s an entire schematic perspective view showing,
the magnetic sensor 1 relating to the sixth embodiment of the
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present invention; and FIG. 12B 1s a schematic cross-
sectional view showing the magnetic sensor 1 relating to the
sixth embodiment of the present invention. Furthermore, the
configuration that 1s nearly similar to that of the magnetic
sensor 1 1n the first embodiment 1s marked with the same
symbols and its detailed explanation 1s omitted.

As shown 1n FIG. 12A and FIG. 12B, the soft magnetic
body shield 12 configuring the magnetic sensor 1 relating to
the sixth embodiment has a nearly circular cylindrical shape
similar to that of the first embodiment, but 1s different from
the soit magnetic body shield 12 relating to the first embodi-
ment because a through-hole 12/ penetrates through the
central axis in the thickness direction 1s formed. The depth
h of the through-hole 12/ 1s equivalent to the thickness of
the soft magnetic body shield 12. In the Sixth Embodiment,
a diameter Wh and the depth h of the through-hole 12/ can
be adjusted to reduce unevenness of the distribution of the
magnetic field intensities of the external magnetic field in
the in-plane direction of the MR element 11. The diameter
Wh of the through-hole 12/ can be appropnately set to 0.03
¢, or less.

Because the soit magnetic body shield 12 relating to the
sixth embodiment 1s arranged above or below the MR
clement 11 as similar to the first embodiment, even if the
external magnetic field with the magnetic field intensity
exceeding the detection range (for example, exceeding 80
mT) 1s applied to the MR element 11, the harmonic com-
ponent V5, ., which 1s included 1n the output signal from the
MR element 11, becomes nearly the same as the harmonic
component V., which 1s included 1n the output signal when
the external magnetic field with 80 mT or less of the
magnetic field intensity 1s applied to the MR element 11.
Consequently, the MR element 11 can output the desired
detection signal, making 1t possible to prevent an increase of
an error 1n position detection of an object.

The embodiments explained above are described to facili-
tate the understanding of the present mnvention, but are not
described to restrict the present invention. Therelore, ele-
ments disclosed 1n the embodiments above are a concept to
include all their design changes and equivalents belonging to
the technical scope of the present invention.

In the embodiments above, the MR elements, the TMR
clement and GMR element having a lamination film struc-
ture were exemplified, but the present invention shall not be
limited to such modes, and for example, an AMR element
having a single film structure of an antiferromagnetic mate-
rial 1s also acceptable.

EXAMPLES

The present invention 1s explained 1n further detail here-
alter by exemplifying examples and the like, but the present
invention should be limited to such examples and the like at

all.

Example 1

As the magnetic sensor 1 having the configurations shown
in FIG. 1A to FIG. 1C, the magnetic sensor 1 was prepared
where a plurality of the MR elements 11, where the soft
magnetic body shields 12 were arranged above, were
arranged 1n an array manner. In such magnetic sensor 1, the
diameter of the nearly-cylindrical MR element 11 was set at
¢, , the diameter ¢ of the nearly-cylindrical soft magnetic
body shield 12 was set at 2.0 ¢, and the thickness h was set
at @_, and the soft magnetic body shields 12 were arranged
immediately above the MR elements 11, the arrangement
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interval between the MR element 11 and the soit magnetic
body shield 12 was set at 0.075 @_, and the interval D
between the two adjacent soft magnetic body shields 12 (the
MR elements 11) was set at 3.3 ¢_. An attenuation eflect
was confirmed based upon a curve MF ;- that was obtained
by measuring the magnetlc field intensity along the MR
clements 11 aligned in the X-axis direction and MF, ;- that
was obtained by measuring the magnetic field intensity
along the MR elements 11 aligned in the Y-axis direction 1n
the case of applying 200 mT of an external magnetic field to

the magnetic sensor 1 in Example 1 (see FIG. 6). The results
are shown 1in Table 1 and FIG. 13. Furthermore, in the

characteristic charts shown 1n FIGS. 14 to 26, FIG. 27B,
FIG. 28B and FIG. 29 to be explained hereatfter, the vertical

axis indicates a magnetic field intensity MF (unit: mT) and
the horizontal axis indicates a position P (unit: um) of the
MR element 11, and the diameter ¢m of the MR element 11
1s indicated with a width (two-way arrow) interposed with
broken lines extending from the horizontal axis in the
vertical direction. In Example 1, since the magnetic field
intensities that were measured along the MR elements 11
aligned 1n the X-axis direction and those that were measured
along the MR elements 11 aligned in the Y-axis direction are
nearly the same, the curve MF, ;- and the curve MF, ; are
depicted to be nearly overlapped (FIG. 13). Furthermore, a
benchmark to assess the attenuation eflect of the magnetic
field intensity was shown as “O”, “A” and “x” as mentioned
below.

|[Benchmark to Assess Attenuation Efl

ect]

O: The magnetic field intensity of the external magnetic
field to be applied to the MR element 11 remains generally
within 20 to 80 mT.

A: Even though the magnetic field intensity of the external
magnetic field to be applied to the MR element 11 1s partially
ofl 20 to 80 mT, or the flatness of the magnetic field 111ten81ty
distribution within the plane of the MR element 11 1s
decreased, the result has reached the standard without any
problem 1n practical use.

Xx: Most of the magnetic field intensity of the external
magnetic field to be applied to the MR element 11 1s off 20
to 80 mT, or the flatness of the magnetic field intensity
distribution within the plane of the MR element 11 1is

remarkably deteriorated.

Example 2

The magnetic sensor 1 having the similar configuration to
Example 1, except for setting the diameter ¢ _ of the soft
magnetic body shield 12 at 2.6 ¢,, was prepared. An
attenuation effect was confirmed based upon a curve MF,
that was obtained by measuring the magnetic field 111ten31ty
along the MR elements 11 aligned in the X-axis direction
and MF, ,.that was obtained by measuring the magnetic field
intensity along the MR elements 11 aligned in the Y-axis
direction 1n the case of applying 200 mT of an external
magnetic field to the magnetic sensor 1 in Example 2. The
results are shown 1n Table 1 and FIG. 14. In Example 2, the
magnetic field intensities that were measured along the MR
clements 11 aligned in the X-axis direction and those that
were measured along the MR elements 11 aligned in the
Y-axis direction are nearly the same, and the curve MF , ,-and
the curve ML, ,. are depicted to be nearly overlapped (FIG.

14).

Example 3

The magnetic sensor 1 having the similar configuration to
Example 1, except for setting the thickness h of the soft
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magnetic body shield 12 at 1.6 ¢_, was prepared. An
attenuation effect was confirmed based upon a curve MF, .
that was obtained by measuring the magnetic ficld intensity
along the MR elements 11 aligned in the X-axis direction
and MF, ,.that was obtained by measuring the magnetic field
intensity along the MR elements 11 aligned in the Y-axis
direction 1 the case ol applying 200 mT of an external
magnetic field to the magnetic sensor 1 in Example 3. The
results are shown 1n Table 1 and FIG. 15. In Example 3,
since the magnetic field intensities that were measured along
the MR elements 11 aligned 1n the X-axis direction and those
that were measured along the MR elements 11 aligned in the
Y-axis direction are nearly the same, the curve MF ;.- and the
curve MF, ;- are depicted to nearly overlap (FIG. 15).

Example 4

The magnetic sensor 1 having the similar configuration to
Example 1, except for setting the thickness h of the soft
magnetic body shield 12 at 1.3 ¢_, was prepared. An
attenuation eflect was confirmed based upon a curve MF ;.
that was obtained by measuring the magnetic ficld intensity
along the MR elements 11 aligned in the X-axis direction
and MF, ;. that was obtained by measuring the magnetic field
intensity along the MR elements 11 aligned in the Y-axis
direction 1n the case of applying 200 mT of an external
magnetic field to the magnetic sensor 1 in Example 4. The
results are shown 1n Table 1 and FIG. 16. In Example 4,
since the magnetic field intensities that were measured along
the MR elements 11 aligned 1n the X-axis direction and those
that were measured along the MR elements 11 aligned 1n the
Y-axis direction are nearly the same, the curve MF - and the
curve MF ;- are depicted to nearly overlap (FIG. 16).

Example 5

The magnetic sensor 1 having the similar configuration to
Example 1, except for setting the thickness h of the soft
magnetic body shield 12 at 0.8 ¢_, was prepared. An
attenuation eflect was confirmed based upon a curve MF_,.
that was obtained by measuring the magnetic ficld intensity
along the MR elements 11 aligned in the X-axis direction
and MF. ,-that was obtained by measuring the magnetic field
intensity along the MR elements 11 aligned in the Y-axis
direction 1n the case of applying 200 mT of an external
magnetic field to the magnetic sensor 1 in Example 5. The
results are shown 1n Table 1 and FIG. 17. In Example 5,
since the magnetic field intensities that were measured along
the MR elements 11 aligned 1n the X-axis direction and those
that were measured along the MR elements 11 aligned 1n the
Y-axis direction are nearly the same, the curve MF. ,-and the
curve MF. . are depicted to nearly overlap (FIG. 17).

Example 6

The magnetic sensor 1 having the similar configuration to
Example 1, except for setting the configuration shown 1n
FIG. 8A to FIG. 8B, 1.e., setting the shape of the soft
magnetic body shield 12 to be a hexagonal prism, was
prepared. An attenuation eflect was confirmed based upon a
curve MF ;- that was obtained by measuring the magnetic
ficld intensity along the MR elements 11 aligned in the
X-axis direction and MF ;. that was obtained by measuring
the magnetic field intensity along the MR elements 11
aligned 1n the Y-axis direction in the case of applying 200
mT of an external magnetic field to the magnetic sensor 1 in
Example 6. The results are shown in Table 1 and FIG. 18. In
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Example 6, since the magnetic field intensities that were
measured along the MR elements 11 aligned in the X-axis
direction and those that were measured along the MR
clements 11 aligned in the Y-axis direction are nearly the
same, the curve MF . and the curve MF ;. are depicted to
nearly overlap (FIG. 18).

Example 7

The magnetic sensor 1 having the similar configuration to
Example 1, except for having the configuration shown 1n
FIG. 12A to FIG. 12B, 1.e., forming the through-hole 12/
with 0.2 ¢, of dlameter n the soit magnetic body shield 12,
was prepared. An attenuation eflect was confirmed based
upon a curve MF,, that was obtamned by measuring the
magnetic field intensity along the MR elements 11 aligned in
the X-axis direction and MF, . that was obtained by mea-
suring the magnetic field intensity along the MR elements 11
aligned 1n the Y-axis direction in the case of applying 200
mT of an external magnetic field to the magnetic sensor 1 1n
Example 7. The results are shown in Table 1 and FIG. 19. In
Example 7, since the magnetic field intensities that were
measured along the MR elements 11 aligned 1n the X-axis
direction and those that were measured along the MR
clements 11 aligned in the Y-axis direction are nearly the
same, the curve MF,,. and the curve MF,;. are depicted to
nearly overlap (FIG. 19).

Example 8

The magnetic sensor 1 having the similar configuration to
Example 1, except for having the configuration shown 1n
FIG. 11A to FIG. 11B, 1.e., setting the shape of the soft
magnetic body shield 12 to be nearly conical with 2 ¢ of
the diameter of the bottom surface, and setting the thickness
h of the soft magnetic body shield 12 at 2.0 ¢_., was
prepared. An attenuation eflect was confirmed based upon a
curve MF, . (thick line) that was obtained by measuring the
magnetic field intensity along the MR elements 11 aligned in
the X-axis direction and MF,. (thick line) that was obtained
by measuring the magnetic field intensity along the MR
clements 11 aligned in the Y-axis direction in the case of
applying 200 mT of an external magnetic field to the
magnetic sensor 1 in Example 8. The results are shown in
Table 1 and FIG. 20. In Example 8, since the magnetic field
intensities that were measured along the MR elements 11
aligned 1n the X-axis direction and those that were measured
along the MR elements 11 aligned in the Y-axis direction are
nearly the same, the curve MF,, and the curve MF; are

depicted to nearly overlap (FIG. 20).

Example 9

The magnetic sensor 1 having the similar configuration to
Example 8, except for setting the thickness h of the soft
magnetic body shield 12 at ¢, was prepared. An attenuation
ellect was confirmed based upon a curve MF,,- (thin line)
that was obtained by measuring the magnetic field intensity
along the MR elements 11 aligned in the X-axis direction
and MF,;- (thin line) that was obtained by measuring the
magnetic field intensity along the MR elements 11 aligned in
the Y-axis direction in the case of applying 200 mT of an
external magnetic field to the magnetic sensor 1 1n Example
9. The results are shown 1n Table 1 and FIG. 20. In Example
9, since the magnetic field intensities that were measured
along the MR elements 11 aligned in the X-axis direction

and those that were measured along the MR elements 11
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aligned 1n the Y-axis direction are nearly the same, the curve
MF,, and the curve MF,,. are depicted to nearly overlap

(FIG. 20).

Example 10

The magnetic sensor 1 having the similar configuration to
Example 1, except for having the configuration shown in
FIG. 9A to FIG. 9B, 1.e., having the configuration of the soft
magnetic body shield 12 where the columnar portion 12¢
and the conical portion 12p are laminated in respective
order, and setting the thickness 1n the central axis at ¢, was
prepared. An attenuation eflect was confirmed based upon a
curve MF, - (thin line) that was obtained by measuring the
magnetic field intensity along the MR elements 11 aligned in
the X-axis direction and MF | ;- (thin line) that was obtained
by measuring the magnetic field intensity along the MR
clements 11 aligned i1n the Y-axis direction in the case of
applying 200 mT of an external magnetic field to the
magnetic sensor 1 in Example 10. The results are shown 1n
Table 1 and FIG. 21. In Example 10, since the magnetic field
intensities that were measured along the MR elements 11
aligned 1n the X-axis direction and those that were measured
along the MR elements 11 aligned 1n the Y-axis direction are
nearly the same, the curve MF, .- and the curve MF,,,- are

depicted to nearly overlap (FIG. 21).

Example 11

The magnetic sensor 1 having the similar configuration to
Example 10, except for arranging the soft magnetic body
shield 12 immediately below the MR element 11, was
prepared. The magnetic field mtensities to be applied to the
MR element 1n the case of applying 200 mT of an external
magnetic field to the magnetic sensor 1 in Example 11 were
obtained 1n the X-axis direction and the Y-axis direction
within the plane of the magnetic sensor 1, and an attenuation
ellect was confirmed based upon a curve MF, ,;-and a curve
MF, ;- (thick lines). The results are shown 1n Table 1 and
FIG. 21. In Example 11, since the magnetic ficld intensities
that were measured along the MR elements 11 aligned in the
X-axis direction and those that were measured along the MR
clements 11 aligned 1n the Y-axis direction are nearly the
same, the curve MF, .- and the curve MF |, ;- are depicted to

nearly overlap (FIG. 21).

Example 12

The magnetic sensor 1 having the similar configuration to
Example 1, except for having the configuration shown 1n
FIG. 10, 1.e., forming the mortar-shaped portion 127 on the
upper surface of the soft magnetic body shield 12 and setting,
the thickness 1n the central axis at 0.8 ¢, , was prepared. The
magnetic field intensities to be applied to the MR element in
the case of applying 200 mT of an external magnetic field to
the magnetic sensor 1 1n Example 12 were obtained in the
X-axis direction and the Y-axis direction within the plane of
the magnetic sensor 1, and an attenuation eflect was con-
firmed based upon a curve MF, .- and a curve MF - (thin
lines). The results are shown in Table 1 and FIG. 22. In
Example 12, since the magnetic field intensities that were
measured along the MR elements 11 aligned in the X-axis
direction and those that were measured along the MR
clements 11 aligned i1n the Y-axis direction are nearly the

same, the curve MF,, .- and the curve MF , ,,-are depicted to

nearly overlap (FIG. 22).
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Example 13

The magnetic sensor 1 having the similar configuration to

Example 12, except for arranging the soft magnetic body
shield 12 immediately below the MR element 11, was
prepared. The magnetic field mtensities to be applied to the
MR element 1n the case of applying 200 m'T of an external
magnetic field to the magnetic sensor 1 1n Example 13 were
obtained in the X-axis direction and the Y-axis direction
within the plane of the magnetic sensor 1, and an attenuation
ellect was confirmed based upon a curve MF, ;.- and a curve
MF ;5 (thick lines). The results are shown 1n Table 1 and
FIG. 22. In Example 13, since the magnetic field intensities
that were measured along the MR elements 11 aligned 1n the
X-axis direction and those that were measured along the MR
clements 11 aligned in the Y-axis direction are nearly the
same, the curve MF ,; ,-and the curve MF | , ;- are depicted to

nearly overlap (FIG. 22).

Example 14

The magnetic sensor 1 having the similar configuration to
Example 1, except for having the configuration shown 1n
FIG. SA to FIG. 5B, 1.e., arranging the soft magnetic body
shield 12 immediately below the MR element 11, was
prepared. The magnetic field mtensities to be applied to the
MR element 1n the case of applying 200 m'T of an external
magnetic field to the magnetic sensor 1 1n Example 14 were
obtained 1n the X-axis direction and the Y-axis direction
within the plane of the magnetic sensor 1, and an attenuation
etlect was confirmed based upon a curve MF, ,,-and a curve
MF, ;- The results are shown 1n Tale 1 and FIG. 23. In
Example 14, since the magnetic field intensities that were
measured along the MR elements 11 aligned 1n the X-axis
direction and those that were measured along the MR
clements 11 aligned in the Y-axis direction are nearly the

same, the curve MF, ;.- and the curve MF ;- are depicted to
nearly overlap (FIG. 23).

Example 15

The magnetic sensor 1 having the similar configuration to
Example 1, except for having the configuration shown 1n
FIG. 5C, 1.e., arranging the two soit magnetic body shields
12 immediately above and immediately below the MR
clements 11, respectively, was prepared. An attenuation
eftect was confirmed based upon a curve MF ., that was
obtained by measuring the magnetic field intensity along the
MR elements 11 aligned in the X-axis direction and MF < ;-
that was obtained by measuring the magnetic field intensity
along the MR elements 11 aligned 1n the Y-axis direction 1n
the case of applying 200 mT of an external magnetic field to
the magnetic sensor 1 1n Example 15. The results are shown
in Table 1 and FIG. 24. In Example 15, since the magnetic
field 1intensities that were measured along the MR elements
11 aligned 1n the X-axis direction and those that were
measured along the MR elements 11 aligned 1n the Y-axis
direction are nearly the same, the curve MF, .- and the curve
MF, .,- are depicted to nearly overlap (FIG. 24).

Example 16

The magnetic sensor 1 having the similar configuration to
Example 1, except for setting the interval D between the
adjacent soit magnetic body shields 12 (MR elements 11) at
2.6 @_, was prepared. An attenuation eflect was confirmed
based upon a curve MF .- that was obtained by measuring
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the magnetic field intensity along the MR elements 11
aligned 1n the X-axis direction and MF, ... that was obtained
by measuring the magnetic field intensity along the MR
clements 11 aligned in the Y-axis direction in the case of
applying 200 mT of an external magnetic field to the
magnetic sensor 1 1n Example 16. The results are shown in

Table 1 and FIG. 25. In Example 16, since the magnetic field
intensities that were measured along the MR elements 11
aligned 1n the X-axis direction and those that were measured
along the MR elements 11 aligned 1n the Y-axis direction are
nearly the same, the curve MF, .- and the curve MF, ., are

depicted to nearly overlap (FIG. 25).

Example 17

The magnetic sensor 1 having the similar configuration to
Example 1, except for setting the interval D between the
adjacent seft magnetic body shields 12 (MR clements 11) at
4.0 ¢ , was prepared. An attenuation eflect was confirmed
based upon a curve MF, -, that was obtained by measuring
the magnetic field intensity along the MR elements 11
aligned 1n the X-axis direction and MF | , . that was obtained
by measuring the magnetic ficld intensity along the MR
clements 11 aligned in the Y-axis direction in the case of
applying 200 mT of an external magnetic field to the
magnetic sensor 1 1n Example 17. The results are shown in
Table 1 and FIG. 26. In Example 17, since the magnetic field
intensities that were measured along the MR elements 11
aligned 1n the X-axis direction and those that were measured
along the MR elements 11 aligned 1n the Y-axis direction are
nearly the same, the curve MF, .. and the curve MF, .. are

depicted to nearly overlap (FIG. 26).

Comparative Example 1

The magnetic sensor 1 having the similar configuration to
Example 1, except for setting the soft magnetic body shield
12 to be a nearly quadratic prism as shown i FIG. 27A, was
prepared. An attenuation eflect was confirmed based upon a
curve MF ., ;- that was obtained by measuring the magnetic
ficld intensity along the MR elements 11 aligned in the
X-axis direction and MF -, ;-that was obtained by measuring
the magnetic field intensity along the MR elements 11
aligned 1n the Y-axis direction in the case of applying 200
mT of an external magnetic field to the magnetic sensor 1 in
Comparative Example 1. The results are shown 1n Table 1
and FIG. 27B. In Comparative Example 1, since the mag-
netic field intensities that were measured along the MR
clements 11 aligned 1n the X-axis direction and those that
were measured along the MR elements 11 aligned in the
Y-axis direction are nearly the same, the curve MF ., ;- and

the curve MF ., ;- are depicted to nearly overlap (FIG. 27B).

Comparative Example 2

The magnetic sensor 1 having the similar configuration to
Example 1, except for setting the soft magnetic body shield
12 to be nearly rectangular in a plan view as shown 1n FIG.
28A, was prepared. In Comparative Example 2, the mag-
netic sensor 1 where a plurality of the planar-view nearly-
rectangular soit magnetic fields 12 that regarded the vertical
direction of the drawing as a longitudinal direction were
arranged 1n a direction that was orthogonal to that longitu-
dinal direction was used. An attenuation eflect was con-
firmed based upon a curve MF ... that was obtained by
measuring the magnetic field intensity along the MR ele-
ments 11 aligned in the X-axis direction and MF -, ,-that was
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obtained by measuring the magnetic field intensity along the
MR elements 11 aligned 1n the Y-axis direction in the case

of applying 200 mT of an external magnetic field to the
magnetic sensor 1 1n Comparative Example 2. The results
are shown 1n Table 1 and FIG. 28B. In Comparative
Example 2, the magnetic field intensities measured along the
MR elements 11 aligned 1n the X-axis direction are depicted
as the MF .., and the magnetic field intensities measured

along the MR elements 11 aligned in the Y-axis direction are
depicted as the MF ~,,- (FIG. 28B).

Comparative Example 3

The magnetic sensor 1 having the similar configuration to
Example 1, except for setting the thickness h of the soft
magnetic body shield 12 at 0.3 ¢_, was prepared. An
attenuation effect was confirmed based upon a curve MF -,
that was obtained by measuring the magnetic ficld intensity
along the MR elements 11 aligned in the X-axis direction
and MF .., that was obtained by measuring the magnetic
field intensity along the MR elements 11 aligned in the
Y-axis direction in the case of applying 200 mT of an
external magnetic field to the magnetic sensor 1 1 Com-
parative Example 3. The results are shown in Table 1 and
FIG. 29. In Comparative Example 3, since the magnetic field
intensities that were measured along the MR elements 11
aligned 1n the X-axis direction and those that were measured
along the MR elements 11 aligned in the Y-axis direction are
nearly the same, the curve MF ;- and the curve MF .- are
depicted to be nearly overlapped (FIG. 29).

TABLE 1
Attenuation
s h D effect

Example 1 2.0 gm (pm 3.3 gm o
Example 2 2.6 gm (pm 3.3 gm o
Example 3 2.0 gm 1.6 ¢m 3.3 gm o
Example 4 1.3 ¢gm (pm 3.3 gm A
Example 5 2.0 gm 0.8 gm 3.3 gm A
Example 6 2.0 gm (pm 3.3 gm o
Example 7 2.0 gm (pm 3.3 gm o
Example 8 2.0 gm 2.0 gm 3.3 gm A
Example 9 2.0 pm (pImn 3.3 @gm A
Example 10 2.0 gm (pm 3.3 gm o
Example 11 2.0 pm (pImn 3.3 @gm A
Example 12 2.0 gm 0.8 @m 3.3 gm o
Example 13 2.0 gm 0.8 @m 3.3 gm A
Example 14 2.0 gm (pm 3.3 gm o
Example 15 2.0 gm (pm 3.3 gm o
Example 16 2.0 gm (pm 2.6 gm A
Example 17 2.0 gm (pm 4.0 gm o
Comparative 2.0 gm (pm 3.3 gm X
Example 1

Comparative 2.0 pm (pImn 3.3 @gm X
Example 2

Comparative 2.0 pm 0.3 gm 3.3 @gm X
Example 3

As 1t 1s clear from the results in Table 1, FIGS. 13 to 26,
FIG. 27B, FIG. 28B and FIG. 29, because the soft magnetic
body shield(s) 12, in which the diameter ¢_1s 1.3 times or
more than the dlameter ¢,, of the MR element 11 and the
thickness h of which exceeds 0.3 times the diameter ¢, of
the MR element 11, 1s pesmened above and/or below the
MR element(s) and the size ol the MR element 11 becomes
the size to be physically included within the perimeter of the
solt magnetic body shield 12 1 a plan view, even if an
external magnetic field that exceeds the detection range of
the MR element 11 1s applied, 1t has been confirmed that the
external magnetic field, the magnetic field intensity of which




US 11,650,270 B2

25

has been attenuated to that within 20 to 80 mT of the
detection range, 1s applied to the MR element 11. Further,
according to the results above, compared to the soit mag-
netic body shield having a nearly-quadratic prism shape or
nearly rectangular shape in a plan view, with the soft
magnetic body shield having nearly cylindrical shape, a
columnar shape where 1ts shape 1n a plan view 1s N-sided
polygon (N 1s 6 or greater even number), a shape 1n which
a conical portion 1s positioned on a columnar portion, a
shape 1 which a convexity of an N-sided pyramid (N 1s 6
or greater even number) on an N-sided prism (N 1s 6 or
greater even number), a columnar shape 1n which an upper
surface 1s sagged to be the mortar-shaped, a nearly-conical
shape, or an N-sided pyramid shape (N 1s 6 or greater even
number) or the like, 1t has been confirmed that the magnetic
field mtensity 1s attenuated to 20 to 80 mT of the detection
range, and, the magnetic field intensity will not be substan-
tially changed within the plane of the MR element 11. Thus,
it 1s inferred that a positional detection error, such as a
rotational position or a linear displacement of an object, can
be reduced 1f the magnetic sensor 1 that fulfills the require-
ments above 1s used.

DESCRIPTION OF SYMBOLS

1 .. . magnetic sensor
11 . . . magnetoresistive eflect element (MR element)

12 . . . soft magnetic body shield

12¢ . . . columnar portion (prismatic portion)
12p . . . conical portion (convexity)

127 . . . mortar-shaped portion (concave portion)
12/ . . . through-hole

What 1s claimed 1s:

1. A magnetic sensor comprising:

a plurality of magnetoresistive eflect elements (MR ele-
ments), which can detect an external magnetic field,
and

a plurality of soit magnetic body shields, wherein

the plurality of MR elements are laminated on and/or
under the plurality of soit magnetic body shields 1n a
side view, respectively,

the size of each of the MR elements 1s physically included
within a perimeter of each of the soft magnetic body
shields 1n a plan view, and

the plurality of the MR e¢lements 1s two-dimensionally
arranged 1n an array.

2. The magnetic sensor according to claim 1, wherein all

intervals between adjacent MR elements are the same.

3. The magnetic sensor according to claim 1, wherein a
shape of each of the soft magnetic body shields in the plan
view 1s nearly circular.

4. The magnetic sensor according to claim 1, wherein a
shape of each of the soit magnetic body shields 1n the plan
view 1s an N-sided polygon (N 1s 6 or greater even number).

5. The magnetic sensor according to claim 1, wherein
cach of the soft magnetic body shields 1s columnar.

6. The magnetic sensor according to claim 1, wherein
cach of the soft magnetic body shields 1s conical.

7. The magnetic sensor according to claim 1, wherein
cach of the soft magnetic body shields includes a first ridge
line, and a second ridge line and a third ridge line that are
inclined with respect to the first ridge line 1n the side view,

the first ridge line 1s parallel to an arrangement direction
of the plurality of MR elements, and

the second ridge line and the third ridge line are non-
parallel to each other.
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8. The magnetic sensor according to claim 1, wherein
cach of the soft magnetic body shields includes a columnar
portion that comprises a first surface and a second surface,
wherein the second surface faces the first surface, and a
convexity, which protrudes from the first surface of the

columnar portion and i1s positioned to allow the second
surface to face each of the MR elements.

9. The magnetic sensor according to claim 1, wherein
cach of the soft magnetic body shields includes a columnar
portion that comprises a first surface and a second surface,
wherein the second surface faces the first surface, and a
convexity, which protrudes from the first surface of the
columnar portion.

10. The magnetic sensor according to claam 1, wherein
cach of the soft magnetic body shields includes a columnar
portion that comprises a first surface and a second surface,
wherein the second surface faces the first surface, and a
concave portion, which 1s formed on the first surface of the
columnar portion and i1s positioned to allow the second
surface to face each of the MR elements.

11. The magnetic sensor according to claim 1, wherein
cach of the soift magnetic body shields includes a columnar
portion that comprises a first surface and a second surface,
wherein the second surface faces the first surface, and a
concave portion, which 1s formed on the first surface of the
columnar portion.

12. The magnetic sensor according to claim 1, wherein
cach of the soit magnetic body shields comprises a through-
hole that penetrates through the soft magnetic body shield in
a thickness direction.

13. The magnetic sensor according to claim 1, wherein a
diameter ¢ of each of the soit magnetic body shields and a
diameter ¢, of each of the MR elements fulfill a relationship
in a following formula (1):

s = 1.3 @p. (1)

14. The magnetic sensor according to claim 1, wherein
thickness h of each of the soit magnetic body shields and a
diameter @ of each of the MR elements fulfill a relationship
in a following formula (2):

h>03 @, (2)

15. The magnetic sensor according to claim 1, wherein a
harmonic component V,, ,, which 1s output in the case of
applying the external magnetic field with a magnetic field
intensity that exceeds 70 m'T (Millitesla) to each of the MR
clements, and the harmonic component V,,_,, which 1s output
in the case of applying the external magnetic field with 70
mT or less of a magnetic field intensity to each of the MR
elements, are the same.

16. The magnetic sensor according to claim 1, wherein a
diameter ¢ _ of the soft magnetic body shield 1s 2.00 to 2.75
times a diameter ¢_, of the corresponding MR element.

17. A magnetic sensor comprising:

a plurality of magnetoresistive eflect elements (MR ele-
ments), which can detect an external magnetic field,
and

a plurality of soit magnetic body shields, wherein

the plurality of MR e¢lements are laminated on and/or
under the plurality of soft magnetic body shields in a
side view, respectively,
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the size of each of the MR elements 1s physically included
within a perimeter of each of the soft magnetic body
shields 1n a plan view,

the plurality of the MR e¢lements 1s two-dimensionally
arranged 1n an array,

cach of the soft magnetic body shields includes a first
ridge line, and a second ridge line and a third ridge line
that are inclined with respect to the first ndge line 1n the
side view,

the first ridge line 1s parallel to an arrangement direction
of the plurality of MR elements,

the second ridge line and the third nndge line are non-
parallel to each other.

18. A magnetic sensor comprising:

a plurality of magnetoresistive effect elements (MR ele-
ments), which can detect an external magnetic field,
and

a plurality of soit magnetic body shields, wherein

the plurality of MR elements are laminated on and/or
under the plurality of soft magnetic body shields 1 a
side view, respectively,

the size of each of the MR elements 1s physically included
within a perimeter of each of the soft magnetic body
shields 1n a plan view,

the plurality of the MR elements 1s two-dimensionally
arranged 1n an array, and
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cach of the soit magnetic body shields includes a colum-
nar portion that comprises a first surface and a second
surface, wherein the second surface faces the first
surface, and a convexity, which protrudes from the first
surface of the columnar portion.

19. A magnetic sensor comprising:

a plurality of magnetoresistive eflect elements (MR ele-
ments), which can detect an external magnetic field,
and

a plurality of soft magnetic body shields, wherein

the plurality of MR e¢lements are laminated on and/or
under the plurality of soift magnetic body shields 1n a
side view, respectively,

the size of each of the MR elements 1s physically included
within a perimeter of each of the soft magnetic body
shields 1n a plan view,

the plurality of the MR elements 1s two-dimensionally
arranged 1n an array, and

cach of the soit magnetic body shields includes a colum-
nar portion that comprises a first surface and a second

surface, wherein the second surface faces the first
surface, and a concave portion, which 1s formed on the
first surface of the columnar portion.
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